For applying tensile or compressive uniaxial strain to functional thin films, we propose a novel approach in combining a piezoelectric-based device and a technical metallic substrate used widely in the 2nd generation coated conductors (i.e. superconducting tapes). A strain-induced shift of the superconducting transition temperature of 0.1 K for Co-doped BaFe 2 As 2 was observed along [100] direction, corresponding to a uniaxial pressure derivative dT c /dp 100 = −4 K/GPa. For Mn 3 CuN, a uniaxial strain derivative along [100] direction of the Curie temperature dT C /d 100 = 13 K/% was observed. The current approach is applicable to various functional thin films in a wide range of temperatures. 
Exploring the uniaxial pressure dependence of physical properties of functional materials gives an important clue for fundamental understanding of physics. To conduct such experiments, single crystals with reasonable volume are preferable. For some functional materials, however, the growth of sizable single crystals can be problematic, even though epitaxial thin films can be grown, e.g. Fe-based superconductors represented by NdFeAs(O,F), 1,2 SmFeAs(O,F), 3 and antiperovskite manganese nitrides, Mn 3 CuN. 4 Moreover, non-equilibrium phases, e.g. (Ba,RE)Fe 2 As 2 (RE: rare earth elements = La, Ce, Pr and Nd) 5, 6 and FeSe 1−x Te x with low Te content 7 are stabilized in the form of thin films.
However, external pressure hardly transfers to strain in a thin film, since thin films are usually fabricated on substrates with high rigidity.
A common way to apply pressure to epitaxial films is to employ the lattice mismatch between substrate and film. But this method often (or strictly speaking always) requires the film thickness to be less than the critical value for which the coherent growth is maintained.
Beyond the critical thickness, misfit dislocations or even cracks are introduced to partially relax the lattice stress, which may mask the interplay between the lattice strain and physical properties. 8 An alternative approach is to grow epitaxial thin films on piezoelectric substrates and to observe the changes in physical properties successively and reversibly by dynamic biaxial in-plane strain using the inverse piezoelectric effect. For instance, the were observed by applying in plane strain of 0.022 and 0.017%, respectively. 10 However, the lattice parameter variation of the piezoelectric substrates is significantly reduced at cryogenic temperatures. For PMN-PT single crystals the strain a for an electric field of E = 10 kV/cm reduced from 0.12% at 300 K to 0.022% at 20 K. 10 Here, the in-plane strain a is defined by (a 0 − a strained )/a 0 , where a 0 and a strained are the in-plane lattice constant at E = 0 and E =0, respectively.
To overcome those problems and also to investigate the effect of in-plane symmetry breaking on the physical properties, we report on a novel approach in combining a piezoelectric-based device 11 and a technical metallic substrate used widely in the 2nd generation coated conductors (i.e. superconducting tapes). The device has one central and two outer piezostacks as shown in fig. 1 is polycrystalline and has a large thickness of 1 µm. Therefore, the strain due to thermal expansion mismatch is negligible.
The technical substrate was cut into a small slab of 3.5 mm length and 1 mm width by laser cutting, which was used as a test piece. The test piece was bridged across the gap between the two sample plates using Stycast 2850FT, as shown in fig. 1 
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A similar trend is expected for Co-doped Ba-122, although the doping element differs from P. On the assumption that the Young modulus (E 100 ) of Co-doped Ba-122 is 55 GPa, 21 the respective tensile and compressive stress values are calculated as 9.9×10 −3 GPa and −1.65 × 10 −2 GPa using Hooke's law. Accordingly, the uniaxial pressure derivative of the offset T c approximates dT c /dp 100 = −4 K/GPa, which is in good agreement with the results for Ba(Fe 0.926 Co 0.074 ) 2 As 2 single crystals obtained from the specific heat and thermal expansion data using the Ehrenfest relation. 22 Hence the current technique allows us to investigate the uniaxial strain dependence of T c .
The resistivity of the Mn 3 CuN thin film suddenly increased at around 170 K, which cor- responds to the transition from high-temperature cubic to low-temperature tetragonal phase due to the Jahn-Teller effect [ fig. 5(a) ]. 4 This behavior is similar to the films on single crystalline substrates 4 and bulk polycrystalline samples. 23, 24 Although the temperature of the peak is almost unchanged by strain, a shift of the resistivity curves in the temperature range 140 ≤ T ≤ 170 K was observed as shown in fig. 5(b) : the tensile strain shifts the resistivity curve to higher temperature compared to the unstrained film. To the contrary, the compressive strain shifts the resistivity curve slightly to lower temperature. On the assumption that our Mn 3 CuN films are not nitrogen-deficient, the structural transition temperature corresponds to the Curie temperature (T C ). The evaluated T C of the strained Mn 3 CuN film were 167 K (tensile strain, 100 = 0.069 %) and 165.2 K (compressive strain, 100 = −0.069 %).
Here, T C was defined as the intersection between the steepest slope of the resistivity curve and a constant resistivity of 1.18 mΩ·cm (the resistivity value at 180 K). Hence, the uniaxial strain derivative dT C /d 100 along [100] without considering orthorhombic distortion is calculated as 13 K/%.
It is reported that T C of epitaxial Mn 3 CuN thin films grown on different substrates systematically changes due to biaxial strain. 4 The strain dependence of T C without considering a Jahn-Teller strain is described by
where Further studies are necessary to elucidate the cause of this discrepancy.
In summary, we have proposed a novel approach combining a piezoelectric-based apparatus and flexible metallic substrates for investigating the in-plane uniaxial pressure dependence of the physical properties of functional thin films. The strain-induced shift of T c along
[100] direction was around 0.1 K for Co-doped BaFe 2 As 2 , corresponding to a uniaxial pressure derivative dT c /dp 100 = −4 K/GPa. For the Mn 3 CuN film, the uniaxial strain derivative dT C /d 100 of the Curie temperature along [100] direction was 13 K/%. Our novel method demonstrates that uniaxial strain dependence of the physical properties of functional thin films can be investigated dynamically and reversibly, whenever epitaxial thin films are realized on IBAD-MgO Hastelloy. This approach thus greatly expands the experimental range of many functional thin films in allowing investigations on strain-driven changes in physical properties.
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